Nucleophosmin mediates mammalian target of rapamycin-dependent actin cytoskeleton dynamics and proliferation in neurofibromin-deficient astrocytes.
Neurofibromatosis type 1 (NF1) is a common autosomal dominant tumor predisposition syndrome in which affected individuals develop astrocytic brain tumors (gliomas). To determine how the NF1 gene product (neurofibromin) regulates astrocyte growth and motility relevant to glioma formation, we have used Nf1-deficient primary murine astrocytes. Nf1(-/-) astrocytes exhibit increased protein translation and cell proliferation, which are mediated by Ras-dependent hyperactivation of the mammalian target of rapamycin (mTOR) protein, a serine/threonine protein kinase that regulates ribosomal biogenesis, protein translation, actin cytoskeleton dynamics, and cell proliferation. In this study, we show that Nf1-deficient astrocytes have fewer actin stress fibers and exhibit increased cell motility compared with wild-type astrocytes, which are rescued by pharmacologic and genetic mTOR inhibition. We further show that mTOR-dependent regulation of actin stress fiber formation, motility, and proliferation requires rapamycin-sensitive activation of the Rac1 GTPase but not elongation factor 4E-binding protein 1/S6 kinase. Nf1(-/-) astrocytes also exhibit increased protein translation and ribosomal biogenesis through increased expression of the nucleophosmin (NPM) nuclear-cytoplasmic shuttling protein. We found that NPM expression in Nf1(-/-) astrocytes was blocked by rapamycin in vitro and in vivo and that expression of a dominant-negative NPM mutant protein in Nf1(-/-) astrocytes rescued actin stress fiber formation and restored cell motility and proliferation to wild-type levels. Together, these data show that neurofibromin regulates actin cytoskeleton dynamics and cell proliferation through a mTOR/Rac1-dependent signaling pathway and identify NPM as a critical mTOR effector mediating these biological properties in Nf1-deficient astrocytes.